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Abstract. The centrality dependence of pseudorapidity density of charged particles and transverse energy 
is studied for a wide range of collision energies for heavy-ion collisions at midrapidity from 7.7 GeV to 5.02 
TeV. A two-component model approach has been adopted to quantify the soft and hard components of 
particle production, coming from nucleon participants and binary nucleon-nucleon collisions, respectively. 

Within experimental uncertainties, the hard component contributing to the particle production has been 
found not to show any clear collision energy dependence from RHIC to LHC. The effect of centrality 
and collision energy in particle production seems to factor out with some degree of dependency on the 
collision species. The collision of Uranium-like deformed nuclei opens up new challenges in understanding 
the energy-centrality factorization, which is evident from the centrality dependence of transverse energy 
density, when compared to collision of symmetric nuclei. 

PACS. 25.75.-q Relativistic heavy-ion collisions; 25.75.Ag Global features in relativistic heavy-ion collisions 


1 INTRODUCTION 

Under extreme conditions of high temperature and en¬ 
ergy density, study of nuclear matter and especially the 
phase transition of hadronic matter to the Quark-Gluon 
Plasma (QGP) is one of the main goals of heavy-ion col¬ 
lision experiments, like RHIC at BNL, SPS and LHC at 
CERN. Envisaged by many theoretical works mm® , co¬ 
herent development of phenomenological studies and ex¬ 
perimental findings HUSH support the fact of formation of 
a deconfined state of matter in the ultra-relativistic heavy- 
ion collisions. There are still both theoretical and exper¬ 
imental challenges to understand the properties of QGP. 
Among them, one of the most fundamental phenomena 
to be understood is the multiparticle production mecha¬ 
nism in heavy-ion collision experiments iTusmuni and 
its relation with initial conditions. It has been proposed 
that two of the global observables such as pseudorapid¬ 
ity density of charged particles (dN c h/dy) and transverse 
energy density (dE^/dri) can be used as tools to under¬ 
stand the mechanism of particle production [21IT21. The 
charged particle pseudorapidity density and transverse en¬ 
ergy are the first measurements as global observables of 
matter created at extreme conditions of temperature and 
energy density. Furthermore, dN^/dy and dE^/dy are 
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related to the entropy and initial energy density of the 
system, respectively mmm- The experimentally mea¬ 
sured dE^/dy is used for initial energy density calcula¬ 
tion in Bjorken boost invariant hydrodynamics through 
a Jacobian transformation of rapidity to pseudorapidity. 
Assuming complete chemical equilibrium of the medium, 
ideal hydrodynamics leads to total entropy conservation. 
In addition to that, in a simple case of boost invariant 
Bjorken expansion assuming ideal gas Equation of State 
(EoS), the entropy per unit rapidity and hence the ra¬ 
pidity density of particles are also conserved |2]. So these 
two global observables can be used to provide constraints 
on the initial conditions mams]. Several works Quasi 
mmm suggest that at the initial phase of collision, 
both perturbative and non-perturbative QCD processes 
take place. Non-perturbative processes involve soft gluon 
exchanges which come under soft processes and expected 
to scale with the number of participant nucleons. Hard 
scatterings occur (perturbative QCD) earlier to soft inter¬ 
actions and involve high-momentum transfer phenomena. 
Observables thus are expected to scale with number of 
binary nucleon-nucleon collisions m- To be specific, the 
processes involved for particle production at elementary 
level can be understood by disentangling the role of soft 
process and hard scattering contributing to it [!2S1[25] . It is 
reported in Ref, that the charged particle pseudo¬ 

rapidity distribution in nucleus-nucleus collisions (A+A) 
can be described by a two-component model. In this work, 
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using the same two-component model, we have tried to es¬ 
timate the relative contribution of soft and hard processes 
in particle production by considering the centrality and 
collision energy dependence of dN^/dp and dE^/dp for 
a wide range of experimental data starting from RHIC to 
LHC. 

This paper is organized as follows. In section 2, we 
give a brief introduction to the two-component model to 
estimate the hard and soft processes contribution to par¬ 
ticle production. The details of the analysis methodology 
is presented in section 3. In section 4, we present the anal¬ 
ysis results by fitting two-component model to the exper¬ 
imental data of dN^/dp and dE^/dp as complementary 
study by taking both the global observables. We discuss 
the energy-centrality factorization in section 5. The paper 
ends with summary and conclusion carrying some of the 
open issues in this direction in section 6. 


2 The Two-component model 

Nucleus-nucleus collision can be thought of superposition 
of many nucleon-nucleon collisions. So to understand the 
mechanism of multiparticle production, we need to in¬ 
vestigate the processes at fundamental level in nucleon- 
nucleon collisions. As we know, the major contribution for 
particle production in nucleon-nucleon collisions is from 
inelastic processes, which can again be divided into two 
parts: soft non-perturbative processes and hard perturba¬ 
tive processes resulting into mini-jet and jet productions. 
Hence, the total inelastic cross section of the nucleon- 
nucleon collisions can be written as 122] . 


X _ e -(<Tsoft(s)+a jet (s))T NN (b,s) , ("1) 

where tj so f t is the total cross section of the soft processes 
arising from the small momentum transfer to the con¬ 
stituent quarks as well as induced soft gluon radiation, 
Ojet represents the integrated inclusive jet production cross 
section due to hard scattering of partons and can be cal¬ 
culated in the framework of perturbative QCD. Tnn(&, s) 
is the partonic overlap function between the two nucleons 
at a given impact parameter b and energy s. In the mean 
time, under the formalism of eikonal approach, the impact 
parameter representation of nucleon-nucleon collision can 
be written as mm, 

a™ =* d 2 b( 1 - e - 2 * (b ' s) ) , (2) 

where y(6, s) is the eikonal function. Now comparing eq. 
© and ecp m, we have, 

X(M) = ^a so f t (s)T NN (b,s) + ^<Jj et (s)T NN (b, s). (3) 


NN 


= / d 2 b 


approach, the number of jets produced in the nucleon- 
nucleon collisions can be calculated. To be noted here, 
in the string picture of Lund fragmentation model j25( 
US], the wounded nucleons are treated as excited strings 
along the beam direction, suffer hard scattering and frag¬ 
ment to produce particles. So the hard scattering can be 
scaled with the number of binary nucleon-nucleon colli¬ 
sions (Won) and the total numbers of jets in nuclear col¬ 
lisions can be calculated as, 

N AA = T AA (b)a jet , (4) 

where T AA (b) is the nuclear overlap function. In fact, the 
right hand side of eq. equals to lV co n according to 
Glauber model [27] . After the hard scattering, the re¬ 
maining energy is used for soft interaction. It is observed 
from the low energy pp and heavy-ion collisions data that 
the dN^/dp normalised to number of participant nucleon 
(Apart) pairs has a constant factor arising from soft pro¬ 
cess plus a logarithmic energy dependent component. This 
soft process is proportional to A part T5]. Therefore, it is 
assumed that all the participant nucleons contribute the 
same fraction of energy to the soft process. Upto SPS en¬ 
ergy, dN c h/dr) scales with 7V part . However, at RHIC and 
LHC energies, the data show a monotonic rise with colli¬ 
sion centrality j28]. This is because, with increase of en¬ 
ergy, the total jet cross section increases much faster than 
the total inelastic cross section resulting in the increase of 
number of minijets. Hence, two-component model was in¬ 
troduced to describe the multiparticle production at high 
energy nucleus-nucleus collisions, which includes both the 
soft and hard processes contribution for particle produc¬ 
tion m- In the framework of a two-component model, the 
dN c ^/dp for A+A collisions is given as, 

dN C h _ /Ar \ 7 jet( s ) ,,, 

j _ (Npart) { n ) so ft + f(Ncoll) ■ (5) 

aT l 7 in 

In eq. ©, {n) soft average multiplicity in the soft 

sector, the a£, A (s) is the average inclusive jet cross section 
per nucleon-nucleon collisions in A+A collisions and / is 
a constant factor. Now looking at eq. © and the eikonal 
approach as given in eq. ©> the total multiplicity density 
in A+A collisions with respect to multiplicity density of 
nucleon-nucleon collisions (n pp ) can be rewritten in terms 
of contributions from soft and hard processes in a proba¬ 
bilistic way as [23l . 


dN AA 

= npp 


(1 — x ) 


(Npart} 

2 


+ x{N co u) 


( 6 ) 


In eq. ©, x represents the fraction of hard processes 
and remaining (1-a;) is the soft processes contributing to 
the particle production. Transverse energy production in 
nucleus-nucleus collision can also be treated on equal foot¬ 
ing with the charged particle production and hence, the 
two-component model for transverse energy density can 
be written as follows [29], 


Eq.® links the soft and hard processes with geometrical 
quantities and the collision energy. Now using the eikonal 


dE AA 

dp 


dE pp 

dp 


(1-a;) 


{depart'} 


+ x(N co u) 


(7) 


2 
















Aditya Nath Mishra et al.\ Energy and Centrality dependence... 


3 



Fig. 1. (Color online) The number of binary nucleon-nucleon 
collisions, A co ii, as a function of number of participating nucle¬ 
ons, Ap ar t, which is a measure of collision centrality. The data 
are fitted with eq. (0 at different collision energies from ^/snn 
= 7.7 GeV to 5.02 TeV. 



Fig. 3. (Color online) Centrality dependence of dN c h/dr/ at 
different RHIC energies (PHENIX experiment |32II33| 1 and the 
LHC energy (ALICE experiment |35II36| ). Fitted lines are the 
corresponding two-component model fitting to extract the pa¬ 
rameters x and n pp . The fittings are performed in the same 
range of Apart for all energies. 



Fig. 2. (Color online) Parameter a and C, as a function of 
collision energy. 


The geometrical quantities, like A part and A co u, can be 
estimated directly from the MC Glauber model for given 
collision energy. The estimation of these quantities and 
then the relation between them are established in next 
section. Then the fraction of soft and hard processes are 
estimated by fitting two-component model to dN^/dr] and 
dEj- / dr] for a wide range of collision energies. 


3 Analysis Methodology 

According to Glauber model, for A+A collisions, A co ii 
scales as A 4 / 3 B3, where A is the mass number of the nu¬ 
cleus and is related to the nuclear radius as, R = Rq As , 
with Rq = 1.2 fin. Meanwhile, A part directly depends on 
the interaction volume and again this volume is propor¬ 
tional to A of a saturated nuclear density. Hence, A co n oc 
Ap^ and taking the geometry into consideration, A co n 
can be parametrized in terms of A part |27U30j as, 


< N co ii) = C x (N part ) a , (8) 

with C and a constants. With the use of eq. (0, eq. © 
reduces to one variable function, i.e. (A part ) and can be 
written as, 


dN ch _ 
d V ~ Hpp 


(! ~x) 


(Npar-t) 

2 


+ xC(N part ) a 


(9) 


The values of (A co n) and (A part ) are obtained by us¬ 
ing nuclear overlap model m which uses the Monte Carlo 
Glauber approach. Then the obtained values of (A co n) are 
plotted against (A part ), which are shown in fig. [Hand fitted 
by eq. © to estimate the parameters C and a. These pa¬ 
rameters are estimated at different collision energies span¬ 
ning from 7.7 GeV to 5.02 TeV. The extracted values of 
C and a are shown as a function of ^/snn in fig. [2] While 
the parameter C decreases with increase in ^snn, the pa¬ 
rameter, a, in eq. m increases monotonically with ^/snn- 
These parameters are further used as inputs for eq. ©. 
Then using eq. m, the values of x and n pp are obtained 
for various centrality data at different collision energies. 
The experimental data used in this paper for dN^/dr/ as 
a function of A part for Au+Au collisions at ^/snn = 7.7, 
14.5, 19.6, 27, 39, 62.4, 130 and 200 GeV, and for U+U 
collisions at ^/snn = 193 GeV, are taken from PHENIX 
experiment Data for Pb+Pb collisions at ^/snn 

= 2.76 [55) and 5.02 TeV [56] are taken from ALICE ex¬ 
periment at the LHC. The two-component model fittings 
are shown in fig. [5] All experimental data given here are 
already corrected for p T = 0 and for consistency, we fit all 
the data sets in the same range of A part . 

We repeat the similar exercise taking the centrality 
data for transverse energy densities of produced particles, 
dE^/dr] at different ^/snn- To obtain the values of x and 
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Fig. 4. (Color online) Centrality dependence of dE^/dri at 
different RHIC energies (taken by PHENIX experiment [551 
155] 1 and for LHC (by ALICE experiment [3T]). Fitted lines are 
the corresponding two-component model fittings, to extract 
the parameters x and dE^T/dr). The fittings are performed in 
the same range of 7V par t for all energies. 


dE / dr], we use the same form of eq. ([3]) only by replacing 
dN c h/dri with dE^/drj as follows. 


dEj* 

drj 


dEP p 

drj 


(l-z) 


{Npart) 

2 


+ xC(N part ) a 


( 10 ) 


For this analysis, we use the data taken by the PHENIX 
experiment for Au+Au collisions at ^/snn = 7.7, 14.5, 
19.6, 27, 39, 62.4, 130 and 200 GeV [521155] . The corre¬ 
sponding LHC data for Pb+Pb collisions at ^/snn = 2.76 
TeV are taken from the ALICE experiment The data 
are fitted by eq. (flOll and are shown in fig. [4] The detailed 
results are discussed in the following section. The errors 
shown in the figures are the quadratic sum of systematic 
and statistical errors on experimental data. In case of the 
extracted parameters, these are from the phenomenologi¬ 
cal fittings. Where not visible, these are within the marker 
size. 


4 Results 


▲ NSD pp 

• Two-component model 
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Fig. 5. (Color online) Charged particle multiplicity density 
in pp collision, n pp , as a function of center of mass energy. The 
solid circles show the values of n pp , estimated from heavy-ion 
data using eq.® (fittings shown in fig. [3j, the solid trian¬ 
gles show the values of n pp measured in non-single diffractive 
(NSD) pp collisions by ALICE [35j and CMS [39] experiments 
at LHC, and from pp collisions by UA5 at CERN SPS 14011411 
and ISR (^/s pp = 53 GeV), by CDF Collab. at Fermilab l42l . 



Fig. 6. (Color online) The hard scattering component, x, as 
a function of collision energy, which seems not to show any 
clear collision energy dependent behavior in heavy-ion collision 
environment. 


The above discussed two-component approach is used to 
analyze the centrality data for dN^/di] and dE^/dr) for 
various energies. Figure [3] shows the centrality dependence 
of dN c h/dr) at midrapidity for different collision energies 
ranging from 7.7 GeV to 5.02 TeV. The extracted val¬ 
ues of n pp are shown as a function of ^/snn in fig- E] In 
the same figure, we have also shown the experimentally 
measured values of ro pp , where the values of n pp measured 
in non-single diffractive (NSD) pp collisions are from AL¬ 
ICE [33] and CMS experiments [33] at LHC, and in NSD 
pp collisions from UA5 at CERN SPS [4U1I4T] and ISR 
(\/*pp = 53 GeV), by CDF collaboration at Fermilab [42] . 
Our estimated values are in good agreement with the ex¬ 
perimental measurements. The extracted hard scattering 


parameter x is shown in fig. [6] for dN^/dr]. As a comple¬ 
mentary measurement, adopting exactly the same method 
as above, the values of x obtained from two-component fit 
to the d£r /drj centrality data at various collision energies 
are also shown in fig. [6] The values of x both for dN^/dt] 
and dE^jdr] are consistent for different collision energies 
within the experimental uncertainties. The PHOBOS col¬ 
laboration has also done similar analysis for dN^/dri at 
yj snn = 19.6, 130 and 200 GeV. The observed value of the 
fraction of hard interactions, x = 0.13 ± 0.01 (stat) ± 0.05 
(syst) at the above energies [431143] . We extend this anal¬ 
ysis to include the RHIC Beam Energy Scan (BES) and 
the LHC measurements. In Table [T] the values of average 
multiplicity density in pp collision, n pp , and hard scatter- 
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Fig. 7. (Color online) dE^F/dr/ as a function of center of mass 
energy, extracted from two-component model fitting in central¬ 
ity data of dE^/dg. Fittings are shown in fig. [4] for different 
energies. 


Fig. 8. (Color online) A co n scaled with Apart as a function 
of collision energy for most central collisions. Both (A C oii) and 
(Ap ar t) are obtained using nuclear overlap model, which uses 
a Glauber Monte Carlo approach. 


ing component x are given, which are extracted from the 
two-component model fit to charged particle multiplicity 
density, dN^/dg data (shown in fig. [3]). The charged par¬ 
ticle multiplicity density in pp collisions, n pp , extracted 
by fitting the two-component model to dN^/dg centrality 
data, shows a monotonic increase with increasing i/snn- 
This is in agreement with the experimental observations, 
as could be seen from fig. [5] From fig.0 it can be observed 
that dE^P/di 7 also shows a similar behavior like n pp , i.e. 
shows a monotonic rise with increasing ^/snn- The hard 
scattering component, x, seems to be independent of col¬ 
lision energy, within systematic uncertainties. This is ob¬ 
served for both the global observables. Although similar 
behaviour is observed in PHOBOS analysis, our numbers 
are different because of different data sets, where different 
low-px cut-off are used. 


Table 1. Hard scattering component, x, and the charged par¬ 
ticle multiplicity in pp collisions, n pp , at different centre-of- 
mass energies, as obtained from the fittings in fig. 3 



V s nn (GeV) 

X 

n pp 

Au + Au 

7.7 

0.264 ± 0.130 

0.524 ± 0.132 

Au + Au 

14.5 

0.256 ± 0.010 

0.731 ± 0.269 

Au + Au 

19.6 

0.185 ± 0.050 

1.012 ± 0.111 

Au + Au 

27 

0.200 ± 0.065 

1.069 ± 0.140 

Au + Au 

39 

0.127 ± 0.032 

1.353 ± 0.107 

Au + Au 

62.4 

0.385 ± 0.091 

1.022 ± 0.160 

Au + Au 

130 

0.210 ± 0.090 

1.720 ± 0.089 

U + U 

193 

0.218 ± 0.065 

1.864 ± 0.251 

Au + Au 

200 

0.177 ± 0.060 

1.991 ± 0.314 

Pb + Pb 

2760 

0.096 ± 0.032 

4.480 ± 0.560 

Pb + Pb 

5020 

0.079 ± 0.020 

5.562 ± 0.533 


In fig. [51 (A co n) scaled with (A part ) as a function of 
\f Snn at different center-of-mass energies shows a mono- 
tonic increase. This shows an expected increase of hard 
scattering, which scales with (A co n), as a function of col¬ 


lision energy. U+U collisions at ^/snn =193 GeV shows a 
higher value of (A co u)/ (A part ) compared to Au+Au col¬ 
lisions at yj snn =200 GeV. This is because of higher mass 
number for Uranium. The observation of increase in the 
above ratio is expected because when the center-of-mass 
energy increases the number of binary nucleon-nucleon 
collisions increases faster than the number of participants. 
The hard scattering contribution in particle production is 
expected to increase with increasing ^/snn- But we don’t 
observe that in heavy-ion collisions. A similar analysis for 
dN c h/dri has been done in Ref. @2 f° r few energies. Our 
results for both dN^/dg and dE^/dg are consistent with 
the above findings. However, this observation doesn’t go 
with the theoretical expectations HM23I- The following 
factors may be responsible for the above observations: (i) 
medium effect- the loss of information on contribution of 
hard scattering to particle production because of the sup¬ 
pression of high-px hadrons and jets smuzi in the dense 
medium created in heavy-ion collision, (ii) interference of 
minijets- with increase of collision energy, the number of 
minijets increases. So particle production from minijets di¬ 
lutes the significance of contribution of hard process with 
increasing energy. 


5 Energy-Centrality Factorization 

In Ref. ii?3], first time it was demonstrated that the nor¬ 
malized charged particle production per participant pair 
at midrapidity can be factorized in terms of collision en¬ 
ergy and collision centrality as follows 

0.5A part dp k = f ( s ) 9 ( N p-rt), (11) 

where f(s) and p(A part ) factor out the collision energy (s) 
and centrality dependence, respectively. The parametric 
form of / (s) and g (A part ) for Au+Au collisions are found 
to be as follows 023 • 
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/ (s) = 0.0147 [ln(s)] 2 + 0.6, 
9 ( N part ) = 1 + 0.095JV^ t . 


( 12 ) 


(13) 

It was also observed that for Cu+Cu collisions both 
the coefficients of / (s) remain the same, however, one of 
the coefficients of g (N palt ) changes as follows 


14b 

f 12 

C 

re . _ 

, a 10 


g ( N part ) = 1 + 0.129JV^ t . 


(14) 


Change in coefficient of g (N part ) while going from Au+Au 
collision to Cu+Cu collision data represents the collision 
species dependence of g(N part ). We have extended the 
above discussed idea of energy-centrality factorization in 
the multiparticle production processes spanning an energy 
domain of few GeV to TeV energies taking dN^/dg and 
dE^/dg, as complementary global observables. This fac¬ 
torization essentially deals with collision energy and colli¬ 
sion geometry, or directly the number of participant con¬ 
tribution to particle production. The question here is- do 
both of them contribute independently to multiparticle 
production processes? The answer to this question will 
be evident, if one studies the factorization concept for a 
large energy range taking different collision species. Here, 
we have taken the centrality data for both the observ¬ 
ables from 7.7 GeV beam energy scan (BES) at RHIC to 
the available top energy at LHC, 5.02 TeV and different 
collision species like- Au+Au, U+U and Pb+Pb. 

For Au+Au collisions at RHIC BES from 7.7 to 200 
GeV, we observe similar results within fitting errors as 
is observed by the PHOBOS experiment [33] • The fitted 
functions which are depicted in fig. [HI are given by 

f(s) = (0.0147+ 0.0006) [ln(s)] 2 + (0.601 ±0.030), (15) 


- 1.5 


g(N part ) = (0.696 + 0.09) 


(0.184 + 0.015)^. 


(17) 


CO 
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Fig. 9. (Color online) Upper panel: Centrality dependance of 
pseudorapidity density of charge particle multiplicity at midra¬ 
pidity per participant pair, dN c h/dg/{N pa .it/2). Eq. ([Till is 
fitted to both RHIC (dashed line) and LHC data (solid and 
dashed dotted line). Lower panel: The ratio of data and fitting 
indicating goodness of the fit. 
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g (N part ) = (1.001 ± 0.042) + (0.0955 ± 0.035)(16) 

For U+U collisions at 193 GeV, we observe that only the 
second coefficient of g (N part ) changes to 0.113 ± 0.005, 
which reflects the effect of collision geometry. To study 
the factorization at LHC energies we fit the same function 
to Pb+Pb data at ^/snn = 2.76 and 5.02 TeV, taken by 
ALICE detector at LHC [351136] and found that the coeffi¬ 
cients of / ( s ) do not change, however, both the coefficients 
of g (Apart) change and are given by 


400 

(N > 

part 


Fig. 10. (Color online) Upper panel: Centrality dependence 
of pseudorapidity density of transverse energy at midrapidity 
normalized to {N pal t} pair, dE^/dr)/{N vaT t/2) at different col¬ 
lision energies. Eq. m is fitted to RHIC and LHC data, by 
replacing N c h by Et in the equation. Lower panel: The ratio 
of data and fitting indicating goodness of the fit. 


shows the ratio of data and fitting of the factorization 
function representing the goodness of the fits. For Au+Au 
collisions at the discussed centre of mass energies, we get 
the following factorization functions. 


These results are shown in the upper panel of fig. [3] In 
the lower panel, the ratio of data and fitted factorization 
function are shown, which show a very good agreement 
towards energy-centrality factorization in a broad range 
of collision energy. 

For a complementarity study, we do a similar analysis 
for the other global observable, dE^/dg from 7.7 GeV to 
2.76 TeV for Au+Au, U+U and Pb+Pb collisions. This 
is shown in the upper panel of fig. 1101 The lower panel 


/(s) = (0.0147 + 0.0006) [ln(s)] 2 +(0.4709±0.030), (18) 


g {N part ) = (1.011 ± 0.05) + (0.083 ± 0.004)A^. (19) 

However, as expected, for Pb+Pb collisions, eq. m 
remains the same and the effect of change of geometry is 
reflected in g (N part ) as: 
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g (N part ) = (0.592 ± 0.122) + (0.2199 ± 0.04)1^. (20) 

Unlike Au+Au and Pb+Pb collisions, U+U collisions 
are different because of its deformed nature of the nu¬ 
clei, where the effect of flow is correlated with the ini¬ 
tial collision geometry. Transverse energy is affected by 
radial flow and hence the initial collision geometry af¬ 
fects the final state dE^/dg. One expects stronger ra¬ 
dial flow due to higher medium density, as is the case of 
U+U collisions @8). We would therefore expect different 
energy-centrality factorization behaviour for U+U colli¬ 
sions in case of dE^/dg. In this case, when the factoriza¬ 
tion function is fitted to the centrality-dependent number- 
of-participants-normalized dE^/dg, eq. (IT5T) remains the 
same, whereas we get the following function for g ( N part ). 

g (N part ) = (0.6438 ±0.04) +(0.1523 ± 0.003)( 21 ) 

Unlike AT co ii, which increases almost ~ 50% from RHIC 
.y/SNN = 200 GeV to LHC ^/snn = 2.76 TeV for a similar 
collision species, (e.g. Au+Au), lV part increase is around 
2.5%. This weak dependency of iV part on collision energy 
leads to a possible factorization behaviour in heavy-ion 
collisions. The collision energy-centrality factorization is 
an interesting observation in heavy-ion collisions, which is 
like separating the variable-dependent wave functions in a 
quantum mechanical many-body system with symmetry. 


6 SUMMARY AND CONCLUSIONS 

The centrality dependence of the global observables like 
pseudorapidity distribution of charged particles and trans¬ 
verse energy density can be explained by a two-component 
model, which accounts for the contribution of soft pro¬ 
cesses and hard scattering at the initial stage of the col¬ 
lisions. Theoretical model studies suggest that with in¬ 
crease of collision energy there is an increase of hard scat¬ 
tering. We study the two-component model to investigate 
the probability of hard scattering contribution for parti¬ 
cle production as a function of collision energy. Through a 
complementary measurement of the hard scattering com¬ 
ponent, x, in d,N ch /drj and dE^/dg, we observe x not 
to show any clear collision energy dependence from few 
GeV to TeV energies. It is observed that the coefficient 
of the hard-scattering, i.e. x, does not increase with col¬ 
lision energy, whereas the fraction of V co u/Af par t shows a 
monotonic increase. In addition, the QCD cross-sections 
also increase with energy. This gives the evidence that the 
used two-component model fails to bring out the infor¬ 
mation about the hard-scattering contribution to particle 
production in a heavy-ion collision environment, where 
the medium effects play a vital role. This goes in line with 
the observation of suppression of high-px hadrons and jets 
in the dense medium created in heavy-ion collisions [31151 
El- This leaves out an open question to devise a method 


to study the relative contribution of hard and soft pro¬ 
cesses towards the particle production in heavy-ion col¬ 
lisions. There are some theoretical works which suggest 
that the two-component model can be written as the sum 
of soft processes and the minijet cross sections, which need 
further investigations [IS]. The discussed two-component 
model appears to be very crude and empirical in nature 
while bringing out the desired information on soft and 
hard scattering contribution to multiparticle production 
in heavy-ion collisions. The centrality and energy depen¬ 
dence of charged particle and transverse energy produc¬ 
tion seems to factor out with some degree of dependency 
on the collision species, which goes inline with the earlier 
observations [53] ■ However, the collisions of U+U would 
be interesting to study in details because of the effect of 
the initial geometry. 
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